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HER-2Gene
• Human Epidermal growth factor Receptor is a family of highly homologous proteins with tyrosine kinase activity. 

Members of this family include HER-1 (EGFR), HER-2, HER-3 and HER-4
• The EGER (also known as HER/ERBB) family activates tyrosine kinase activity and initiates cell growth signal

transmission by being stimulated by specific types of growth factors
• Enhancement of growth signals can lead to malignant transformation of cells. The enhancement of growth signals is

mainly due to the overexpression of receptor proteins, mutations of signaling proteins, and the continuous autocrine
growth factors supplemented by the tumor itself.

• HER-2 often dimerizes with growth factor receptor proteins such as EGFR, and heterodimerization is one of the
characteristics of the EGFR family
Breast cancer is the most common cancer occurring in women worldwide, with more than 1 million new cases each

year.
      HER2 encodes a membrane receptor tyrosine kinase, and its expression or amplification status is an important
indicator for the prognosis and treatment of breast cancer patients. 20% to 30% of breast cancer patients are caused by
the amplification of the HER-2 gene on the chromosome of cancer cells. HER-2 protein is overexpressed on the cell
membrane and is an independent prognostic factor for breast cancer.
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主持人笔记
演示文稿备注
当配体（生长因子）与细胞表面的异二聚体受体复合物（包括HER2蛋白）结合后，导致细胞内酪氨酸激酶的蛋白活化，发生酪氨酸自身的磷酸化，进而引发瀑布式的连锁反应，信号传导经细胞膜和细胞间质至细胞核，激活基因，促进有丝分裂。因此HER2蛋白在控制正常细胞生长和分裂中起了关键性作用。



HER family - HER dimers trigger signaling
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Results of HER2 overexpression

Normal HER2 expression HER2 gene amplification leads to
HER2 overexpression

HER2 overexpression leads    
to tumor proliferation

 Promote cell growth and proliferation --- tumorigenesis

 inhibit cell apoptosis

 induce angiogenesis

 Improve cell motility, enhance tumor invasion 

    and metastasis
(1) Moasser MM.Oncogene,2007.26(46):6577
(2) Freudenbery JA, Wang Q, Katsumata, et al. Exp Mol Pathol.2009.87(1):1
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• "Guidelines for HER2 Detection in Breast Cancer (2019
Edition)" still recommends a detection strategy combining IHC
with FISH and/or CISH

• IHC (immunohistochemistry) directly targets HER-2 on the
cell surface, which is fast, cheap and the closest to the truth.
Usually lack of reference standards and require high samples

• FISH (fluorescence in situ hybridization) is the "gold standard" 
for large fragments of DNA, but detection is time-consuming,
equipment-intensive and expensive. There may still be 
spurious results

• CISH (chrome in situ hybridization) targets mRNA, which can
better reflect the degree of protein expression than FISH, but
it is unstable. There is a lack of intuitive control due to the
single signal.



Chromogenic in situ
hybridization (FISH)

•Operation and interpretation methods 
are similar to IHC
•Simultaneous histological evaluation
•High correlation with FISH test results
•Many centers that can carry out
•The detection cost is about 1500 
RMB/case

HER-2  assay comparison 

•mature technology
•Fast simultaneous access to many 
case results
•Easier reading
•Cost 80~120RMB/case

Immunohistochemistry (IHC)
detection of HER2 receptor protein
overexpression

Breast cancer HER2 detection guidelines,
Chinese Journal of Pathology，2009;38(12):1-4.

detection of HER2 gene amplification level

•Accurate, repeatable and well correlated with 
curative effect
•Fluorescence microscope and other 
equipment are required
• Experienced operator needed
•The detection fee is higher 3000 RMB/case
•Few testing units in China

Fluorescence in situ
hybridization (CISH)



Chin J Pathol，March 2019,
Vol. 48, No. 3

Breast Cancer HER2 Testing Guidelines (2019 edition)



Image from TARGOS

IHC negative (0)
No staining or <10% membrane staining

IHC negative (1+)
Faint/barely visible staining of >10% membranes; or only partial membrane 
staining

IHC suspicious (2+)
Mild to moderate membrane intact or basolateral membrane staining in >10% 
of cells

IHC positive (3+)
Strong staining of intact cell membrane or basolateral cell membrane with 
one of the following two conditions:
• In the resection specimen, the proportion of stained cells is >10%
• Colonies of strongly stained cells that aggregate regardless of the 

percentage of stained cells (eg, <10%) in the biopsy specimen

IHC Scoring Criteria



20 tumor cells, orange represents HER2 signal, green represents CEP17 signal
●HER2/CEP17≥2.0, indicating positive HER2 amplification.
●HER2/CEP17<2.0, and the average HER2 gene copy number ≥6.0 also indicates positive HER2
amplification.
●HER2/CEP17<2.0, and the average HER2 gene copy number<4.0, suggesting negative HER2 gene
amplification.
●For cases with HER2/CEP17 ratio <2.0 and average HER2 gene copy number ≥4.0 and <6.0, HER2
amplification is uncertain.

HER2 FISH detection interpretation criteria:



intestinal 
type

signet ring
cell type

highly amplifiedno amplification

Tumor heterogeneity

The inconsistency rate of HER2 expression in primary tumors
and metastases of breast cancer is as high as 18.7%, and it is
more obvious when the tumor is large or there are multiple
tumors in the body. In breast cancer patients with distant
metastasis, the HER2 amplification status Discordance rate
between primary and metastases is as high as 30.0%
Breast Cancer Res Treat, 2009, 113(2): 301-306.
Chinese Journal of Oncology, 2018, 40(7): 506-511.
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Summary of the research results of 270 prospective breast
cancer cases in 5 centers, Fudan University Cancer Hospital,
Zhongshan Medical University Cancer Hospital, Zhejiang
University Second Affiliated Hospital, Soochow University
First Affiliated Hospital, and 307 Hospital



Expert advice:
① The HER2 gene amplification detection kit (dPCR method) and the gold standard for tissue sample
detection (IHC combined with FISH) have the same effect on the detection of tissue samples, and are also
suitable for the detection of HER2 status in tissue samples of breast cancer patients.

② For newly diagnosed advanced (stage III, IV) breast cancer patients, when the tissue test is negative or
the tissue sample is not available, the HER2 gene amplification detection kit (dPCR method) can be used for
detection in peripheral blood. Patients with postoperative recurrent or metastatic breast cancer can also use
the HER2 gene amplification detection kit (dPCR method) to detect in peripheral blood. The test results
provide a reference for doctors to find possible treatment options for patients and avoid missing treatment
opportunities.

Passage: Consensus on the application of
peripheral blood HER2 gene amplification
detection (digital PCR method) in anti-HER2
therapy



In addition to the challenges of FISH testing itself, which can cause false negative results in tissue biopsies, the
spatiotemporal heterogeneity of tumors determines that HER2 gene amplification tissue biopsies may not fully reflect the
status of HER2 genes in tumors, and because of the limitations of puncture, it also leads to Multiple tissue biopsies could
not be performed as the patient's treatment progressed.

As a new clinical detection method, dPCR has brought new opportunities to detect HER2 amplification at the DNA level.
• Absolute quantitative performance and excellent detection precision of HER2 gene amplification detection (dPCR 

method)
• HER2 gene amplification detection (dPCR method) can not only solve the false negative results caused by irregular 

sample pretreatment, but more importantly, it is an effective supplement to the detection of tissue samples. To avoid 
false negative results due to spatio-temporal heterogeneity by 1 or more tests on peripheral blood samples

• HER2 gene amplification detection (dPCR method) dynamically monitors the changes of HER2 amplification through 
the detection results of peripheral blood samples, which can be earlier than the evaluation criteria of solid tumor efficacy.

"Chinese Journal of Cancer", Volume 32, Issue 1, 2022 95（Response Evaluation Criteria in Solid Tumor，RECIST）

Digital PCR, an effective supplement
to HER2 gene amplification detection method



Positive coincidence rate 43.75%
Negative coincidence rate 84.38%
Total compliance rate 66.96%
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Clinical significance
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Strong basis for formulating endocrine
treatment plan

An absolutely necessary condition for the
clinical application of Heceptin, and also the
prerequisite and key to successful targeted
therapy

It suggests that the degree of 
malignancy is high, rapid 
progression, and short remission 
period of chemotherapy

Screening out candidates for anthracycline-
based chemotherapy regimens

A reference index for prognostic judgment
together with positive lymph nodes, high-
grade cancer, negative receptor status,
and high proliferative activity

Clinical significance of HER2 status in breast cancer



Herceptin brings HER2-positive breast cancer 
treatment into a new era of molecular targeting

Rayter & Mansi. Medical Therapy of Breast Cancer 2003

   molecular targeting

chemotherapy

radiotherapy

3000 BC 1500’s 1800’s

operation
hormone therapy

1937 1950 1997

主持人笔记
演示文稿备注
Herceptin image taken from:
http://www.herceptin.com/herceptin/professional/about/moa.jsp

是利用肿瘤细胞表达而正常细胞很少或不表达的特定基因或基因的表达产物，作为治疗靶点，最大程度杀死肿瘤细胞、而对正常细胞杀伤较小的治疗模式。





Any treatment decision should be based on
knowledge of HER2 status

• HER2 overexpression is one of the important factors in the development of certain cancers
    ---HER2 is amplified/overexpressed in both breast and gastric cancer
• HER2 is an independent prognostic factor for breast cancer and gastric cancer
• Anti-HER2 therapy
    ---Prolonged Survival of HER2-Positive Breast Cancer Patients of All Stages
    ---Improving the course of patients with metastatic or recurrent gastric cancer
• Accurate HER2 detection results are of great significance to ensure correct diagnosis and treatment of breast

cancer and gastric cancer patients

主持人笔记
演示文稿备注
总之，
HER2过表达在某种癌症发展过程中的一个重要因素
于乳腺癌和胃癌中都有HER2扩增/过表达
HER2阳性乳腺癌和胃癌预后均较差
抗HER2治疗
延长所有分期的HER2阳性乳腺癌患者的存活率
改善转移性或复发胃癌患者的病程结果
值得信赖的且可重复的HER2检测方式以及准确的结果分析对乳腺癌和胃癌患者得到正确诊断和治疗有很重要的意义
多学科治疗团队包括医生，病理医生，技术员以及肿瘤医生能促进HER2检测的质量
所以，任何治疗决定都应基于HER2检测结果的状态(目前就乳腺癌和胃癌而言)。



Bio-digital PCR
HER2 copy number variation
testing system
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Buffer1-
duplicate1

Buffer1-
duplicate2

Buffer2-
duplicate1

Buffer2-
duplicate2

Copy no. 
ratio

220.77/220.70 219.43/219.63 541.66/541.55 494.50/495.33

FAM/HEX 
ratio

1.000 0.999 1.000 0.998

The experimental results show that the kit can accurately 
detect negative sample results, and the ratio is relatively 
stable，and compatible with multiple buffers.

buffer1 buffer2

Reference - Genome
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copies
Original 

concentration(copies/uL)
FAM/HEX ratio result

Negative control *1 524.99/477.80 5249.9/4778 1.09 negative

Positive control *2 990.83/443.82 9908.3/4438.2 2.23 positive

Primer Probe Performance——Meijie kit detection



Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

copies 400.15/474.46 57.20/45.75 64.14/66.10 106.85/101.73 1401.54/144.62 453.48/54.8

FAM/HEX 
ratio

0.843 1.250 0.970 1.050 9.691 8.275

result negative negative negative negative Positive positive

Peripheral Blood Authentic Samples



Question Discussion:

How the immune system works?

Tumor tissue benign?

Treatment for her2 status?
IHC/FISH



THE END

THANKS
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